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a b s t r a c t 
The Fontan procedure used for palliation of single ventricle physiology is associated with 
multisystemic morbidity. With improving survival and increased use of surveillance imag- 
ing in this patient population, long-term complications associated with Fontan circuits are 
commonly encountered by radiologists. One interesting observation is the apparent in- 
creased risk of paragangliomas and pheochromocytomas in this group of patients and per- 
haps a pathogenetic role of chronic hypoxia. We report 2 cases of gastrointestinal neuroen- 
docrine tumors (NET) in the setting of Fontan circuit. The first is a 20-year-old female with 
history of hypoplastic left heart and Fontan palliation who presented with hematochezia 
and was diagnosed with a jejunal grade 2 NET. The second case is of a 12-year-old boy with 
history Fontan palliation for single ventricle physiology, incidentally found to have a well- 
differentiated pancreatic NET during precardiac transplant workup. These cases should 
alert the radiologists to be aware of the apparent association between Fontan procedure 
and NET. 
© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
This is an open access article under the CC BY-NC-ND license. 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
Introduction 
The Fontan procedure is a widely applied surgical approach 
for the palliative management of congenital heart diseases 
with single ventricle physiology such as hypoplastic left heart 
and double outlet right ventricle [1] . It involves a 2-stage 
cavopulmonary bypass with routing of the systemic venous 
return to the pulmonary circuit while bypassing the single 
pumping ventricle. In the process, there is elevated systemic 
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venous pressures, chronic hypoxia, and impaired lymphatic 
drainage. Over the last 4 decades, there has been significant 
improvement in the survival of these patients with a reported 
20-year survival of up to 85% [1 ,2] . With improved survival, 
long-term morbidities associated with a cavopulmonary by- 
pass have emerged, for which the radiologists should be aware 
in their imaging examination for the multisystemic complica- 
tions of the Fontan palliation [3] . 
This report documents our experience with 2 patients 
who had the Fontan procedures. They developed gastroin- 
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testinal and pancreatic neuroendocrine tumors (NETs), the 
first to our knowledge. These cases now join the other NETs, 
pheochromocytomas and paragangliomas, previously re- 
ported in this patient population [5] . 
Case 1 
A 20-year-old female with history of hypoplastic left heart 
syndrome, status post Fontan palliation at 3 years of age, 
presented with lower gastrointestinal bleeding and dizziness 
which progressed to hematochezia. Computed tomography 
(CT) of the abdomen and pelvis showed active contrast ex- 
travasation at the duodenojejunal junction with an intralu- 
minal jejunal mass and enlarged mesenteric lymph nodes 
( Fig. 1 a–c). Exploratory laparotomy revealed a vascular mass 
at the base of the mesentery and a proximal jejunal mass. 
A jejunal resection with duodenal-jejunal anastomosis was 
performed ( Fig. 1 d). The ulcerated jejunal mass was a well- 
differentiated NET grade 2 (5% Ki67 index), with lymph node 
involvement (T2N1M0) ( Fig. 1 e and f). 
Case 2 
A 12-year-old boy was referred for cardiac transplantation 
evaluation; he had a history of a single ventricle physiol- 
ogy including transposition of great vessels, right ventricle 
dominant unbalanced arterioventricular canal and mixed to- 
tal anomalous pulmonary venous connections. His palliative 
surgery included a lateral tunnel Fontan conduit at the age of 
6 years. As part of the pretransplant evaluation he underwent 
a contrast enhanced CT of chest, abdomen, and pelvis which 
showed an exophytic, enhancing lesion arising from the pan- 
creas ( Fig. 2 a and b). Follow-up magnetic resonance imaging 
confirmed a diffusion-restricting enhancing retroperitoneal 
lesion and a NET was suspected ( Fig. 2 c and d). CT-guided 
biopsy of the lesion showed a well-differentiated neuroen- 
docrine tumor with Ki67 index < 3% and no mitotic figures/ 
nuclear atypica ( Fig. 2 e and f). Based on the characteristics of 
the lesion on imaging and its low-grade features, it was de- 
termined that the risk of metastasis was extremely low and 
the decision was made to perform an orthotopic cardiac trans- 
plantation. 
Discussion 
We report 2 patients who had Fontan procedures in early 
childhood for single ventricle physiology cyanotic congeni- 
tal heart disease who presented with gastrointestinal NETs at 
the ages of 20 and 12 years. These cases are unique in that 
these tumors expand the spectrum of NETs in this clinical 
setting as prior reported tumors have included predominantly 
pheochromocytomas and paragangliomas. 
The first case series reporting an association between 
cyanotic congenital heart disease and pheochromocytomas 
Fig. 1 – A 20-year-old female with history of hypoplastic left 
heart presented with lower gastrointestinal bleeding. (a-c) 
Contrast enhanced CT of the abdomen and pelvis shows 
active extravasation of contrast into the proximal jejunum 
(arrowhead) with an intraluminal hyper enhancing mass 
(arrow) and enlarged enhancing retroperitoneal lymph 
nodes (arrow). (d) Surgical specimen from exploratory 
laparotomy shows the hypervascular endoluminal mass 
within the resected jejunum, (e) Hematoxylin and eosin 
stain photomicrograph (400 × magnification) shows nests 
of tumor composed of uniform tumor cells with low-grade 
nuclear features and minimal mitotic activity, (f) 
chromogranin stain (400 × magnification) shows diffuse 
cytoplasmic secretory granules positive for chromogranin 
confirming a diagnosis of neuroendocrine tumor. 
dates to 1964 [4] . This series included 5 cases and 2 of these 
patients were children [6] . In a more recent study of 283 Fontan 
patients, Song, et al, reported 3 cases of pheochromocytomas 
and 4 paragangliomas with 3 of the 7 patients 18 years of 
age or younger [5] . Three of these patients were clinically 
asymptomatic, while 4 had symptoms such as hypertension, 
headache and palpitations. The authors suggested that the 
NETs, pheochromocytomas and paragangliomas, occurred 
more often in this young Fontan age group than in the 
general population. Later, Opotowsky et al, have shown an 
increased risk of pheochromocytomas and paragangliomas in 
those with cyanotic congenital heart disease as compared to 
noncyanotic congenital heart disease (odds ratio 6.0 and 95% 
confidence interval: 2.6-13.7) in an international consortium 
study [6] . In their series, 50% of the 20 cases with a NET in the 
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Fig. 2 – A 12-year-old boy with incidentally detected pancreatic mass. (a) Contrast enhanced CT in arterial phase and 
corresponding iodine map (b) show an avidly enhancing retroperitoneal mass arising from the body of the pancreas. (c) 
Hematoxylin and eosin stain photomicrograph (400 × magnification) shows nests of tumor composed of uniform tumor 
cells with low-grade nuclear features and minimal mitotic activity, (d) chromogranin stain (400 × magnification) shows 
diffuse cytoplasmic secretory granules positive for chromogranin confirming a diagnosis of neuroendocrine tumor. 
setting of cyanotic congenital heart disease had undergone 
a cavopulmonary shunt. They also showed a younger age 
at diagnosis (median age of 31.5 years; 3/15 cases ≤18 years 
of age) of NETs with cyanotic congenital heart disease and 
approximately 40% of patients had multiple tumors. 
The exact pathogenesis for the increased incidence of 
NETs in the Fontan population is unclear and with its age 
group predilection, it has been suggested that a chronic state 
of hypoxia is a risk factor. This hypothesis is supported by 
the fact that genetic factors associated with increased in- 
cidence of NETs such as succinate dehydrogenase complex 
mutations and von Hippel Landau are associated with ac- 
tivation of the hypoxia inducible factor. Mutations in the 
hypoxia pathway are manifested by a noradrenergic phe- 
notype (elevated norepinephrine and metanephrines) and 
absence of adrenergic phenotype (normal epinephrine and 
metanephrines) [5] . Folger et al, also postulated that a state 
of chronic hypoxia may result in adrenal medullary hyper- 
plasia and increased incidence of adrenal tumors [4] . An 
increased incidence of pheochromocytomas and paragan- 
gliomas has also been shown in those populations living at 
high altitudes as circumstantial support for the hypoxia the- 
ory. Hence, paragangliomas, pheochromocytomas and related 
tumors have been characterized as so-called pseudohypoxic 
tumors [7] . 
With improving lengths of survival of Fontan patients, radi- 
ologists are more likely to encounter complications of Fontan 
physiology on imaging beyond the pulmonary and hepatic 
abnormalities [8] . Specifically, abdominal radiologists should 
be aware of the gastrointestinal, adrenal, and retroperitoneal 
morbidity associated with a Fontan circuit. Abdominal imag- 
ing surveillance to evaluate for Fontan complications such as 
cardiac cirrhosis, focal liver masses, lymphatic leaks, and pro- 
tein losing enteropathy is now part of the standard surveil- 
lance of this patient population [9] . Hence, NETs may be 
detectable incidentally as in our second case or with life- 
threatening symptoms such as in our case 1. 
In summary, we have described 2 cases of NETs of the gas- 
trointestinal system in the setting of Fontan palliation. These 
patients can present with symptoms related to the hypervas- 
cular tumors or the tumors may be detected incidentally. Ab- 
dominal radiologists should be aware of this association, es- 
pecially given the improved survival of Fontan patients and 
increasing use of surveillance imaging in this patient popula- 
tion. 
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